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This article is about the space probes launched in 1977. For other 


uses, see Voyager. 
The Voyager program is a 


continuing American scientific 


program that employs two 


On August 25, 2012, data from Voyager 1 indicated that it had become the 


first human-made object to enter interstellar space, traveling "further 
than anyone, or anything, in history") As of 2013, Voyager 1 was moving 
with a velocity of 17 kilometers per second (Template:Convert/round mi/s) 
relative to the Sun.21 Voyager 2 is expected to enter interstellar space by 
2016, and its plasma spectrometer should provide the first direct 
measurements of the density and temperature of the interstellar 


plasma.) 
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engineer at the Jet Propulsion Laboratory. 
This alignment, which occurs once every 
175 years,! would occur in the late 1970s 
and make it possible to use gravitational 
assists to explore Jupiter, Saturn, Uranus, The trajectories that enabled 


Neptune, and Pluto. The Planetary Grand Voyager spacecraft to visit the 
outer planets and achieve 


Tour was to send several pairs of probes to velocity to escape the Solar 


fly by all the outer planets (including Pluto, | System 


then still considered a planet) along 

vario 

Neptune. Limited funding ended the Grand Tour program, but elements 
were incorporated into the Voyager Program, which fulfilled many of the 


flyby objectives of the Grand Tour except a visit to Pluto. 


Voyager 2 was the first to launch. Its trajectory was designed to allow 
flybys of Jupiter, Saturn, Uranus, and Neptune. Voyager 1 was launched 
after Voyager 2, but along a shorter and faster trajectory that was 
designed to provide an optimal flyby of Saturn's moon Titan, which was 
known to be quite large and to possess a dense atmosphere. This 
encounter sent Voyager 1 out of the plane of the ecliptic, ending its 
planetary science mission.” Had Voyager 1 been unable to perform the 
Titan flyby, the trajectory of Voyager 2 could have been altered to explore 
Titan, forgoing any visit to Uranus and Neptune. Voyager 1 was not 
launched on a trajectory that would have allowed it to continue to Uranus 
and Neptune, but could have continued from Saturn to Pluto without 


exploring Titan." 


During the 1990s, Voyager 1 overtook the slower deep-space probes 


Fandom 


when the magnetic field of the Sun becomes warped at the edge of the 


Solar System.!"2] 


On 15 June 2012, scientists at NASA reported that Voyager 1 was very 
close to entering interstellar space, indicated by a sharp rise in high- 
energy particles from outside the Solar System.!1I"41 In September 2013, 
NASA announced that Voyager 1 had crossed the heliopause on 

August 25, 2012, making it the first spacecraft to enter interstellar 


space. l'S1ite1l"7] 
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expected to be able to operate science instruments through 2020, when 


limited power will require instruments to be deactivated one by one. 


Sometime around 2025, there will no longer be sufficient power to 


operate any science instruments. 


Spacecraft design 


The Voyager spacecraft weigh 773 
kilograms. Of this, 105 kilograms are 
scier 

identical Voyager spacecraft use 
three-axis-stabilized guidance 
systems that use gyroscopic and 
accelerometer inputs to their 
attitude control computers to point 
their high-gain antennas towards 
the Earth and their scientific 
instruments towards their targets, 
sometimes with the help of a 
movable instrument platform for the 
smaller instruments and the 


electronic photography system. 


Voyager spacecraft structure 


The diagram at the right shows the high-gain antenna (HGA) with a 3.7 m 


diameter dish attached to the hollow decagonal electronics container. 


There is also a spherical tank that co 


fuel. 
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The Imaging Science Subsystem, made up of a wide angle and a narrow 


angle camera, is a modified version of the slow scan vidicon camera 


designs that were used in the earlier 


Mariner flights. The Imaging Science 


Subsystem consists of two television-type cameras, each with eight 


filters in a commandable Filter Wheel mounted in front of the vidicons. 


One has a low resolution 200 mm focal length wide-angle lens with an 


aperture of f/3 (the wide angle camera), while the other uses a higher 


resolution 1500 mm narrow-angle f/8.5 lens (the narrow angle camera). 
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¢ Principal investigator: Rudolf Hanel / NASA ( 
gs.seti.org/voyager/iris/instrument.html)) 

¢ Data: PDS/PRN data catalog (http://pds-rings, 
expanded data catalog (http://pds-rings.seti.o} 
p://pds-rings.seti.org/vol/VGIRIS_0001_peer_ 
002_peer_review/)), NSSDC Jupiter data arc 


oyager1/infrared_interferometer_spectrometi 
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¢ Data: PDS/PRN data catalog (http://pds-rings, 


Triaxial Fluxgate 
Magnetometer 
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(MAG) 


Designed to investigate the magnetic fields ¢ 
the magnetospheres of these planets, and tt 
boundary with the interstellar magnetic field 


a.gov/nmc/experimentDisplay.do?id=1977-O0t 


¢ Principal investigator: Norman Ness / NASA 
a.gov/)) 


_1_Magnetometer_Investigation), NSSDC dati 


ger/voyager1/magnetic_fields/) 


Plasma 


Spectrometer 


(PLS) 


Investigated the macroscopic properties of t 
energy range from 5 eV to 1 keV. More (http:, 
=1977-084A-06) 
¢ Principal investigator: John Richardson / MI’ 
ml) 
* Data: PDS/PPI data catalog (http://ppi.pds.nas 
_1_Plasma_Science_Investigation), NSSDC d, 


yager/voyager1/plasma/) 


Low Energy 
Charged Particle 
Instrument 


(LECP) 


Measures the differential in energy fluxes ani 
differential in energy ion composition. More | 
do?id=1977-084A-07) 
¢ Principal investigator: Stamatios Krimigis / 3 
www.jhuapl.edu/VOYAGER/) / UMD website (h’ 


cs.com/default.htm)) 


ecraft_data/voyager/voyager1/planet_radio_ 


Photopolarimeter 


System 


(PPS) 


Utilized a 6-inch f/1.4 Dahl-Kirkham-type Ca: 
containing five analyzers of 0,60,120,45 and’ 
bands covering 2350 to 7500A to gather infc 
Jupiter, Saturn, Uranus and Neptune and infi 
density for these planets. More (http://nssd¢ 
084A-11) 


¢ Principal investigator: Charles F. Lillie/LASP 


JPL (PDS/PRN website (http://pds-rings.s Follow onIG _ TikTok 


https://nasa.fandom.com/wiki/Voyager_program#Computers_and_data_processing 


PROJECTS/PROG... PLANETS [ 


Join Fan Lab 


Check out Fandom Quizzes and cha 


7/23 


7/3/22, 12:52 PM 


National Aeronautics and Space 
Administration Wiki 


FANDOM 


OO 


GAMES 


O 


ANIME 


OiO 


ey 
< 


O 


VIDEO 


O 


WIKIS 


g 
z( ) 
x 
| 
> 


WIKI 


Voyager program | National Aeronautics and Space Administration Wiki | Fandom 


Provides continuous, sheath-independent m 
Jupiter and Saturn as well as basic informati 
studying the magnetospheres. More (http://| 
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System 


© Principal investigator: Donald Gurnett / Univ 
ma-wave/voyager/)) 


* Data: PDS/PPI data catalog (http://ppi.pds.nas 


Computers and data processing 


There are three different computer types on the Voyager spacecraft, two 
of each kind, sometimes used for redundancy. They are proprietary, 
custom-built computers built from CMOS and TTL medium scale 
integrated circuits and discrete components. Total number of words 
among the six computers is about 32K. Voyager 1 and Voyager 2 have 


identical computer systems.221[231 


The Computer Command System (CCS), the central controller of the 
spacecraft, is two 18-bit word, interrupt type processors with 4096 words 
each of plated wire, non-volatile memory. During most of the Voyager 
mission the two CCS computers on each spacecraft were used non- 
redundantly to increase the command and processing capability of the 
spacecraft. The CCS is nearly identical to the system flown on the Viking 


spacecraft.|24] 


The Flight Data System (FDS) is two 16-bit word machines with modular 


CCS 


Fandom 


The Attitude and Articulation Control Subsystem (AACS) controls the 
spacecraft orientation (its attitude). It keeps the high-gain antenna 
pointing towards the Earth, controls attitude changes, and points the 
scan platform. The custom-built AACS systems on both craft are 


identical. 


It has been erroneously reported [26] on the Internet that the Voyager 
space probes were controlled by a version of the RCA 1802 (RCA 
CDP1802 "COSMAC" microprocessor), but such claims are not supported 


by the primary design documents. The CDP1802 microprocessor was Follow oniG' <Tiklok - Join Fantab 
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microprocessor integrated circuit chip. 


Communications 


The uplink communications are executed via S-band microwave 
communications. The downlink communications are carried out by an X- 
band microwave transmitter on board the spacecraft, with an S-band 
transmitter as a back-up. All long-range communications to and from the 
two Voyagers have been carried out using their 3.7-meter high-gain 
antennas. 

4 
Because of the inverse-square law in radio communications, the digital 
data rates used in the downlinks from the Voyagers have been continually 
decreasing the farther that they get from the Earth. For example, the 
data rate used from Jupiter was about 115,000 bits per second. That was 
halved at the distance of Saturn, and it has gone down continually since 
then.!27] Some measures were taken on the ground along the way to 
reduce the effects of the inverse-square law. In between 1982 and 1985, 
the diameters of the three main parabolic dish antennas of the Deep 
Space Network was increased from 64 m to 70 m, dramatically increasing 


their areas for gathering weak microwave signals. 


Then between 1986 and 1989, new techniques were brought into play to 
combine the signals from multiple antennas on the ground into one, more 
powerful signal, in a kind of an antenna array. This was done at Goldstone, 
California, Canberra, and Madrid using the additional dish antennas 
available there. Also, in Australia, the Parkes Radio Telescope was brought 
into the array in time for the fly-by of Neptune in 1989. In the United 


States, the Very Large Array in New Mexico was brought into temporary 


telatel=) a} 


initial power. Additionally, the thermocouples that convert heat into 
electricity also degrade, reducing available power below this calculated 


level. 


By 7 October 2011 the power generated by Voyager 1 and Voyager 2 had 
dropped to 267.9 W and 269.2 W respectively, about 57% of the power at 
launch. The level of power output was better than pre-launch predictions 
based on a conservative thermocouple degradation model. As the 


electrical power decreases, spacecraft loads must be turned off, 


eliminating some capabilities. Follow on!IG_— TikTok 
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of Neptune by Voyager 2. The Voyager Interstellar Mission (VIM) is a 
mission extension, which began when the two spacecraft had already 
been in flight for over 12 years.!29! The Heliophysics Division of the NASA 
Science Mission Directorate conducted a Heliophysics Senior Review in 


GAMES 2008. The panel found that the VIM "is a mission that is absolute 


OO 


y 
imperative to continue” and that VIM "funding near the optimal level and 


increased DSN (Deep Space Network) support is warranted."30 


O 


ANIME 


Ther 4 » 


System beyond the outer planets to the outer limit and if possible even 
beyond. The Voyagers continue to search for the heliopause boundary 


which is the outer limit of the Sun's magnetic field. Passing through the 


OiO 


heliopause boundary will allow the spacecraft to make measurements of 


i 
< 


the interstellar fields, particles and waves unaffected by the solar wind. 


O 


As of the present date, the Voyager 2 and Voyager 1 scan platforms, 


“ee including all of the platform instruments, have been powered down. The 


ultraviolet spectrometer (UVS)81l on Voyager 1 was active until 2003, 


O 


when it too was deactivated. Gyro operations will end in 2016 for Voyager 
WIKIS 


2 and 2017 for Voyager 1. Gyro operations are used to rotate the probe 


360 degrees six times per year to measure the magnetic field of the 


g 
z( ) 
a 
| 
> 


spacecraft, which is then subtracted from the magnetometer science 


WIKI data. 


The two 
spacecraft 


continue to 


support science instrument 
operation. At that time, science 
data return and spacecraft 


operations will cease.!35] 


Humanity's Farthest Journey 


Mission Details 


By the start of VIM, Voyager 1 was at a distance of 40 AU from the Earth 
while Voyager 2 was at 31 AU.4] VIM is broken down into 3 distinct 


phases: termination shock, heliosheath exploration, interstellar Follow onIG TikTok JoinFanLab Check out Fandom Quizzes and cha 
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dominated by those contained in the expanding supersonic solar wind. 
This is the characteristic environment of the termination shock phase. At 
some distance from the Sun, the supersonic solar wind will be held back 
from further expansion by the interstellar wind. The first feature 
encountered by a spacecraft as a result of this interstellar wind/solar 
wind interaction was the termination shock where the solar wind slows 
from supersonic to subsonic speed and large changes in plasma flow 


direction and magnetic field orientation occur. 


Voya 4 

at a distance of 94 AU while Voyager 2 completed it in August 2007 at a 
distance of 84 AU. After entering into the heliosheath the 2 spacecraft 
are in an area that is dominated by the Sun's magnetic field and solar 
wind particles. The thickness of the heliosheath is not know clearly so the 
ime required to transverse this space is not quite clear. Scientists 
estimate this space to be tens of AU thick and that it could take several 
years to cross. After passing through the heliosheath the 2 Voyagers will 


begin the phase of interstellar exploration. The outer boundary of the 


heliosheath is called the heliopause which is where the 2 spacecraft are 
headed now. This is the region where the Sun's influence begins to 
decrease and the interstellar space can be detected. The heliopause has 


never been reached by any spacecraft so far and the Voyagers maybe the 


first spacecraft to reach it. Currently Voyager 1is escaping the solar 
system at the speed of 3.6 AU per year while Voyager 2 speed is about 3.3 
AU per year. The Voyager spacecraft will eventually go on to the stars. In 
about 40,000 years Voyager 1 will be within 1.6 light years of AC+79 3888 
which is a star in the constellation of Camelopardalis. In 40,000 years 
Voyager 2 will be within 1.7 light years from star Ross 248 and will go to 
apes : ss ead : ia thie 
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e 7200, 1400 bit/s tape recorder playbacks 


e 600 bit/s real-time fields, particles, and waves; full UVS; engineering 


* 160 bit/s real-time fields, particles, and waves; UVS subset; 
engineering 


« AO bit/s real-time engineering data, no science data. 


Note: At 160 and 600 bit/s different data types are interleaved. 


The Voyager craft have three different telemetry formats: Follow on IG _ TikTok 
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weekly-reports/2010-05-07.html), note that this can contain some 
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e FD-12 higher accuracy (and time resolution) Engineering data, note 


that some science data may also be encoded. 
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e EL-40 Engineering [2] (http://voyager.jp!l.nasa.gov/mission/weekly-r 
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science data, but not all systems represented. 
e This is an abbreviated format, with data truncation for some 


subsystems. 


OiO 


It is understood that there is substantial overlap of EL-40 and CR-5T (ISA 
35395) telemetry, but the simpler EL-40 data does not have the 


resolution of the CR-5T telemetry. At least when it comes to representing 


i 
< 


O 


VIDEO available electricity to subsystems, EL-40 only transmits in integer 


increments—so similar behaviors are expected elsewhere. 


O 


wikie Memory dumps are available in both engineering formats. These routine 


diagnostic procedures have detected and corrected intermittent memory 


bit flip problems, as well as detecting the permanent bit flip problem that 
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caused a two-week data loss event mid-2010. 
WIKI 


Voyager Golden Record 


Main article: Voyager Golden Record 


C) Fandom 


media outlets. Among the best-known of 
these is an image of the Earth as a pale 
blue dot, taken in 1990 by Voyager 1, and 


popularized by Carl Sagan with the quote: Seen from 6 billion kilometers 
(3.7 billion miles), Earth 
appears as a "pale blue dot" 
(the blueish-white speck 
approximately halfway down 
here. That's home. That's us. On the brown band to the right). 


6 "Consider again that dot. That's 


it everyone you love, everyone 
you know, everyone you ever 
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suffering, thousands of confident 
religions, ideologies, and 
economic doctrines, every 
hunter and forager, every hero 
and coward, every creator and 
destroyer of civilization, every 
king and peasant, every young 
couple in love, every mother and 
father, hopeful child, inventor 

4 
morals, every corrupt politician, 
every "superstar," every 
"supreme leader," every saint and 
sinner in the history of our 
species lived there - on a mote 
of dust suspended ina 


sunbeam". 


In popular culture 


EXPLORE 


HOME 


SPACE SHUTTLE 


Return featured two fictional 1985 


space probes, called Voyager One 
and Voyager Two (not "1" and "2"). 


This episode was aired two years 


prior to the launch of the real Voyager craft. The plot hinges upon 


the dangerous radioactive engines of the probes, which bears a 


The Space: 1999 episode Voyager's 


File:Space 1999 - Voyager's 


Return screencap.jpg 


Voyager One, from Space: 


1999. 
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